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1 Intr oduction

This notedescribediow to usethenp tmb stream paclkageto implemer streamiigy
onthumbrail files. Runningthe executablein this paclkageover adatasetwill produce
multiple outpu files whereeverts canbe selectecdby trigger bits, particle typesand
their properties,andlogical comhnationsof them.

2 UseCases

Thepackgehasbeendevelgpedfor theusein theNP physicsgroup, althowghit shoud
be usefulfor othergroups andgeneal usersaswell.

The technquesdescribé will be usefulin ary analysis wherea userwrites outa
subsebf everts basedon somearbitray criteria.

Thefollowing scenaris wereconsidered

e A physics groy decideswhich streamsto produce. The progam s runon a
regularbasis(e.g daily) onthelatestrecorstructedthumbrail datasetsandthe
outpu is madeavailableto everybodyin a centralplace.

¢ A userdecidesshewantsto addor tightensomecutsand produceyet anotter
privateversionof the thunbnail files for private use.Sheruns e.g. overasingle
streamfrom the physicsgroup andwritestheoutpu to alocal scratchdisk.

¢ A userwantsherown specializedselectionof everts which cannotbe obtainel
with theexisting execuable. It shouldbe easyto exterd theprogramto accome
dateary desiredselectioncuts.

e Exceptfor the lastcase,all paranetersshouldbe easily customizale via RCP
sothatno reconpilationis necessary

¢ It shouldbe possibleto make asinglerun over theinput andprodwceall desired
outpu filesin onestep.



3 Tagsand WriteEv ent

All of the above canbe achiered with a combnation of featuresavailablein the DO
framework. We malke useof two of them:

o thecapabilityto tag aneventwith anarbitray string

¢ thecapabilityto have more thanoneinstanceof theWriteEvent  packaeand
to custonize eachinstanceo write only everts which have certaintags

Tagsareessentiallystringswhich canbe attachedo anedm::Event  asit flows
throughthe framewvork. Tagscanbe attachedo a constanevent,sothey canbe used
e.g.in ananalyzepackag whichisn’t supposedo modfy anevent.

Tagginganeventis trivial:

fwk::Re sult MyPackage:: analyzeEven t(const edm:Eve nt& event)

{

i.léisome_ condition) {
eventtagle dm:Tag("My Tag")):;
}

Theio _package/ WriteEvent paclkageis usuallyusedto write out eventsin
the EVPACK format. The WriteEven t packa@ canbe customizedsia its RCPfile
to outpu only eventswhich have certaintags:

string PackageName = "WriteEv ent"
string  OutputFile = "myEvents "

/I ..things omitted

bool UseOutp utFilter = true

string  WriteEventT ags = "MyTag"

The exanple above will only write the taggedeverts into an outpu file called
myEvers. Multiple tagscanbegiven in theWriteEvent Tags parameter

The streamingprogramusesthis techrique by implemerting a setof simplepack
ageswhichwill tageverts basedn trigger bits, particletypesandsomeof their prop-
erties.It alsoallows combinirg multiple tagsinto a new outpu tag.



4 Tagsbasedon Particle Types

There arefour frameavork packagsavailableto tag everts basedon particletypes:

EM particles
e Jets

Muons

MissingET

For eachtypethereis arestrictedsetof cutsthatcanbe parametdredin thecorre-
spondhg RCPfile. Theseparametes werechoserby

¢ Looking atthetop group streamingexanple.

¢ Goingthrough abou adozenpresentatiosin the NP group andlooking at what
selectioncutspeope hadused.

For particlesthe multiplicity is oneparameterNotethateachof thetaggingpack
agescanbeinstantiatednorethanoncewith a differert setof paranetervalues.Soif
onewantsasingle30GeV jetanda?2 x 20 GeV dijet, onesimplecreatedwo different
RCPfiles andinstantiateshe JetTag packa@ twice in themainRCPfile.

The NumParti cles paraméeris required The otherparaneterscanbe either
absenbr avectorof values,onefor eachparticle.For backvard comptibility asingle
paraneteris interpretedasavectorof sizeone.

4.1 EM Particles

The EMTagpackag implemerts taggirg for EM particles. The following selections
canbeapplied

int NumParticles Thenumter of particlesrequired

float Thresholds A vecta of pT threshdds, onefor eachparticle.
float EMfraction

float Isolation

float HMx8

Furthernorethe algorithmtype (score, cellNN) canbe specified.
Thetagwhichis assignedo the eventis specifiedn

string Tag = "MyTag"

Thisis the samefor all thefollowing packags.



4.2 Jets

The JetTag packag implements taggingfor jets. The following selectionscanbe
applied

int NumParticles Numberof jetsrequired

float Thr esholds vectorof pT threshdd for eachjet
float EMfraction

float CHfraction

float HOTfraction

int N9O

Furthernorethealgorithmtype andits parametes canbe specified.

4.3 Muons

The MuonTag packageimplemers taggingfor muors. Thefollowing selectionsan
beapplied

int NumParticles Numberof jetsrequired
float Thresholds vectorof pT threshdd for eachjet

int Nseg

4.4 MissingET

TheMETTagpackag implementgaggingfor missingET. Only asinglethrestold can
be specified:

float  Threshold = ...

5 Tagsbasedon Trigger Bits

Thedefaut execuableincludesheDOTrigger Filter  fromtheanalysis  utitilie
paclage. It canbeusedto filter out eventswhich have passedpecifiedriggess. This
speedsip processingincethereis no thumbrail unpaclkng doneif the eventdoesnt
pasghisfirst filter.

The DOTriggerSe lector classesarealsousedto assigntagsto events with
certaintriggerbits.

TheTrigger Tag packagimplenentsthetaggirg of evertsdepemlingontrigger
bits. The only parameters thelist of trigger namesandthe outputtag:



string  PackageName = "Trigger Tag"

/I the tag to produce for the event
string Tag = "EMTRIG"

string  TriggerName s = ( "EM_HI" "EM_LO" )

6 Combining Tags

TheWriteEvent  packag will write outeventsbaseddn asetof tags.This provides
a logical OR for defining a stream. One also needsa logical AND to combire the
resultsof thesimplepaclagesdescritedabove.

The AndTag packag@ comhbnesexisting tagsinto new ones. It requitesthatall
input tagsare presenton an evert andthentagsthe eventwith a new tag. The only
paranetersarethe outpu tagandthelist of inputtags:

string  PackageName = "AndTag"
string Tag = "E+J"

string Input = ( "1EM" "1JET" )

7 Tagsbasedon Cut Expressions

Thisis anew way of taggingeverts basedon alist of cutsfor differentparticletypes.
It redu@sthe numker of RCPfiles you needandis moreflexible in the selectionst
allows. In mary casest shoud bepossibleto have asingleRCPfile for astreamwhere
befae multiple files plusa AndTag RCPwasneeded

It is basednthecuts packagewhichis partof theDO releaselt makesattributes
of the variows objeds in an evert easily available and allows the userto specifyan
arbitray expressionin termsof theseattributes. The following examge shaws the
basicstructureof the RCPfile:

string  PackageName = "ObjectT ag"

/I the tag to produce for the event
string Tag = "EM+JET"

/I list of trigger names, empty means no trigger select ion applied

string  Trigger = ( "EM_HI" )



/[ The list of cuts to apply
string Cuts = ( "Cutl" "Cut2" )

string Cutl
string  Cut2

( "EM" "Pt > 15.0 && emfrac > 0.95")
( "JET" "Pt > 20.0 && emETfract ion < 0.9 && HM8< 20" )

/[ simple jet name
string  JetName = "JCCB"

As canbeseen,it combinesvariousfeatureswhich areonly availablein separate
pieceswvhenusingthe old method

e A triggerselectioncut canbeappliedfor this setof cuts. Thisis thefirst criteria
to pass.

A list of selectioncutscanbegiven.

Thecutscanbeappliedto different particletypes.
e Thenumler of attributesavailableis muchlarger (andeasietto extend)

e Theusercandefineanarbitraly expressionusingtheseattributes.

Theeventis tagged,if thetriggercondition andall cutsaresatisfied.

A cutconsistof two strings:the objed typeandaboolea expression.Theobject
type mustbe oneof EM, MU, JET, MET, CHR The availableattributesdepenl
on thetype of object. They areusuallynamedafterthe correspading methodof the
C++ classor the quality objectassociatedvith it.

Thefollowing attributesareavailable:

All particles Px, Py, Pz,E, Pt, Phi, Eta,AbsEta,Theta,P, Chage, Typeld
EM emfrag isolation,coreE,isoE,nb_ps,nb_tracks,ps matching

MU nseg, ncentalmatchcentralank,whits_A, whits_bc, shits a, shits bc, chisq,chisgloc,
gptloc,qualityloc, e33,e55,EInCorel,EInCone, EInCone, EInConé, Loose,
Medium, Tight

JET emETfraction,chETfraction,hotcdlratio, n90,HM8

MET MET, SET, MEX, MEy, MET _noetaSET noetaMEXx noetaMEy noetaMET weta,
SET weta,MEx_weta,MEy weta



8 Putting It All Together
8.1 Customizingthe RCP Files

The RCPfiles aredividedin threeparts,oneeachfor input, taggingandoutpu.
Hereis the main RCPfile run TMBStr eam.rcp which you normally shouldh’t
have to modfy:

string InterfaceNa me = "process"
string  Packages = "input tag output”

RCP input <np_tmb _stream read>
RCP tag <np_tmb _stream tags>
RCP output  <np_tmb _stream  write>

Hereis theinput part,whereyou cancustonize thetriggerselector

string  Packages = "geo sam read config trigsel unptmb links

RCP geo <geometry_managem ent geometr y_management>

RCP read = <dOrec o DOrecoRea dEvent>

RCP sam = <np_tmb_stream TMBSAMahager>

RCP config = <run_c onfig_fwk  RunConfigPkg>

RCP trigsel = <np_tmb_stream DOTrigg erFilter>

RCP unptmb = <thumbnail UnpThumbNail>

RCP links = <linke d_physobj LinkedPhysO bjReco>

The only thing you shouldhave to custonize hereis the trigger selection. The
correspondig file is DOTrig gerFilter to enable/ibableit andspecifya list of
trigge namesNotethatusageof this packag is notrequired.

Thetags.rc p file simply corsistsof alist of packagswhereyou specifyyour
rcp files with the appopriate cuts. The samefor the write.rcp file and output
specificatios rsp.

Let's assume/ou wantthefollowing streamgtakenfrom thetop exanples):

e 5GeVmuonand10GeV jet
e two 2 GeVmums
e 18 GeVemobjectand10GeV jet

For eachdistinctparticleyou shouldcreatean RCPfile which definesthe cutsfor
it. In the exampleabove this would be:

e one5 GeVmum

e two 2 GeV mums



e 0nel0GeVijet

e 0nel8GeVem

Modify theexistingexamplesfor eachparticletypeandprodwethefollowing RCP
files (with the choseroutputtagsshovn aswell):

e muonl-5.rc p,tagis MU1
e muon2-2.rc p, tagis MU2
e jetl-10.rc  p,tagisJET
e eml1-18.rcp ,tagisEM

Now modify thetags.rcp  file asfollows:

string  Packages = "muonl muon2 jet em"
andadd:

RCP muonl = <np_tmb_str eam muonl-5>

RCP muon2 = <np_tmb_str eam muon2-2 >

RCP je = <np_tmb_str eam jetl-10 >

RCP em = <np_tmb_str eam em1-18>

Someof the tagsalreadycorresponddirectly to one of our output streams(the
dimuon). For otherswe have to combine theexistingtags.Notethatthe 10 GeVjet tag
is usedfor two output streams.

We dothis by addirg two instance®f AndTag:

string Packages = "muonl muon2 jet em emjet mujet"

RCP emjet
RCP mujet

<np_tmb_str eam ejet>
<np_tmb_str eam mujet>

wheree.g.theejet.rc  p file whoud cortain thefollowing:

string  PackageName = "AndTag"

string Tag = "E+J"
string Input = ( "EM" "JET" )



andsimilarly for themujet RCPfile.
All thatis left now is to instantiateWriteEve nt threetimes. We do thisin the
write.r  cp file:

string  Packages = "emjetWrite mujetWrit e mu2Write"
RCP emjetWri te = <np_tmb_stream ejetWri te>

RCP mujetWri te <np_tmb_stream mujetWr ite>
RCP mu2Write <np_tmb_stream mu2Writ e>

Hereis a snippetof whatyouwould chargein suchafile from thedefault values:

string  OutputFile = "emjet"
bool UseOutp utFilter = true

string  WriteEventT ags = "E+J"

andsimilarly for thedimuonandmuam plusijet files.

You canrestrictthe numkber of eventswhich arewritten per output file. If youare
ruming over large datasets,you might wantto write theresultsin morethanonefile.
The mkstrea m.sh scriptin thercp directorywill prodicea proper configuation
file for WriteEvent . Youcall it with a streamname themaximumnurberof events
perfile, theoutpu filenameanda list of tags:

% ./mkstr eam.sh  MyStream 1000 myoutput tagl tag2...

This will createa new RCPfile andall you have to addis MyStream asa pack
agein your main RCP file. The outpu will go into files called myoutput-0 0,
myoutpu t-01, ... ,wherenofile shouldhave morethan1000events.

From p13 on you canalsousenew featuesof the WriteEve nt paclage. The
output file namemay containspecialcharactes preededby a % sign. E.g. the %n
patternexpardsinto asequentiahunmberfor eachnew outptt file thatis written. So

string  OutputFile = "dimuon-% n"

achieves the sameeffed as the script above in a much simplerway. Seethe
io _packages/P atternExpan der.hpp file for moreoptions.

8.2 Using SAM

To useSAM insteacbf anomalinpi file (list), changthevariablebool UseSAM =
1in rcp/TMB SAMManager.rcp tobool UseSAM = 0 andusea SAM project
definitioninsteadof afile name.



8.3 Running It

To usethe progam,checkoutthenp tmb stream packag firstandmodify theRCP
filesfor your needs.

% setup n32 # only on dOmino

% setup DORunll 1t02.30.00 # choose a recent version..
% newrel -t t02.30.00 work

% cd work

% dOsetwa

% addpkg -h np_tmb_st ream
% gmake np_tmb_s tream.all only if there is no default  executa ble

it will also take almost 1 GB of memory
to link so be patient...

*

To runthe progamover a singlethunbnail file, justdo:

TMBStream_x -rcp np_tmb_st ream/rcp/r unTMBStream.rcp
-input_  file  <your_ file>

To runthe progamwith SAM themostconvenien way is to usedOtools

% setup dOtools
# the following in one line...

% rundOex e -exe=TMBStream_x -rcp=run TMBStream.r cp \
-rcppkg=n p_tmb_strea m -localbui Id -localr cp \
-defname= tmbfilestes t -batch -num=200

wheretmbfilestesis the nameof your SAM projed.

In mostcasesyou will checkout the packag locally andmodfy someof its rcp
paraneter The scripts/ru NnTMBstream. sh scriptcallsrundOexe with most
paranetersalreadysetup.

9 Production Streaming

Oncethethummail datasetbecanesverylarge, it is very cumbesometo eitherhavea
singlebatchjobsprocessall events(becaseof thetimeit takes)or to split the dataset
artificially in multiple setsandkeeptrack of which have beenprocessedktc.

A datasetefinitionnomally correspondso agrowing setof files. Whenskimming
everts, theprocessshouldonly run overfiles it hasnt processedofar. Thefollowing
procedureachiezesthis without muchuserintervention.
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First defineyor SAM datasetsusual. This definition shouldcortain thedimen
sionsyou areinterestedn. Thefile list in this setwill typically have chargedevery
time you starta new prgectandaskfor the newvestsnapshot.

Hereis anexanple for thedefinition

((VERSION p11.09.%,p 11.1% and DATA_TER thumbnail) \
and TRIG_CONKG_TYPE physics) and \
TRIG_CONIG_NAME %global% "

Let's saywe call this definitionnp _skim _v1. Now we decideonthedefinitionsof
theevent streamsve wantandtheir selectionsutsandputall thisin thercpfiles. This
setof paranetersdefinesa certainversionof our skimmirg process let’'s sayversian
2. We now defineanew SAM datasethichlooks lik e this:

DATASET DEF_NAMEnp_skim_ vl minus \

((PROJECT_NAMErh_proc_ v 2-% and \
CONSUMED_@TUS consumed) and \
CONSUMERhauser )

Replaceheprgectandusernamewith your own.

Let’s call this definitionnp _skim _v1 _notproce ssed . All we haveto dofrom
now onis to usethis new definitionanda SAM projed namewhichstartswithrh proc v2- .

If you wantto charge your streamdefinitions, you shouldchangeyour project
name.lf youchargeyou original datasetefinition (e.g.going from p11to p13),you
shouldchang bothdatasehameandprgectname.

You canuserundOexe onthe CAB clusterto have multiple processesconsune
files from the sameprgect, therely effectively parallelizirg your job automatically

setenv  SAM_PRG@ECT rh_proc_v2- ‘date +%Y%m%d-%#4M%S'
rundOexe -cab -jobs=10 -defnam e=np_skim_v 1 notproce ssed

Seethehelpsectionof rundOe xe for otherparaméersthatareneedd with CAB.

10 Writing your own Packageand Integrating it

If the selectiongrovided by the exampes above arenot enoudn, the usercanexterd
the progamby simply addinganotherframenork packageof herown. As mentione
above, everts canbetaggedaspartof a users nommal analysis.

Thefollowing is arecipefor a simpleuserdefinedtaggirg paclage.
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10.1 HeaderFile

Createa new packayeandputin a headefile like MyExample. hpp:

#ifndef
#define

#includ
#includ
#includ

#includ
#includ
#includ

D@ D D

e
e
e

MYEXAMPLBE4PP
MYEXAMPLBE4PP

"edm/Even t.hpp"
"edm/TKey .hpp"
"edm/Tag. hpp"

"framewor k/Package.h pp"
"framewor k/hooks/Job  Summary.hp p"
"framewor k/interface s/Flow.hpp

namespace TMBStrea m {

/**

* My tagging package

*/
class MyTag : public fwk:Pack age,
public  fwk::Tag,
public  fwk::JobS ummary {
public:

/Il Package construct or
MyTag(fwk: :Context  *contex t);

/Il Destructor
"MyTag();

/Il fwk:Tag interfac e
virtual fwk::Re sult tagEve nt(const edm:Ev ent& event);

Il fwk::JobSum mary interf ace
virtual fwk::Re sult jobSum mary();

/Il Method for accessing the package name.
std::strin g packageNa me() const {return package _name();}

/Il Method for accessing the package name.
static const std:str ing packag e_name() {return "MyTag";}

/Il Method for accessing the version of the package.
static const std:str ing versio n() {

return  "$Id:  tmb_stream ing.tex,v 1.4 2002/08 /21
20:01:25 rhauser Exp $"
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private:

/I output
std::strin g _tag; /I tag to use for the event
/I selecti on criteria , more member variabl es if necessary

/I statist ics
int _tagged _events; // number of tagged events

h
}

#endif // MYEXAMFE_HPP
Thencreatea sourcefile to implemant thevarious method:

#includ e "myexampl e/MyExample .hpp"

#includ e "rcp/RCP. hpp"

#includ e "framewor k/Registry. hpp

using namespace edm;

You shouldinclude ary additioral headeffiles to acces.g. the chunksyou are
interestedn.

namespace TMBStrea m {
FWK_REGSTRY_IMPL(MyTag,"$Name :  $");

/I constructor

MyTag M yTag(fwk::C ontext *context)
fwk::Pac kage(contex t),
fwk::Tag (context),
fwk::Job  Summary(con text),
_tagged_ events(0)

{
/I access RCP databas e here
edm::RCP rcp = packageRCP();
_tag = rcp.getS tring("Tag" );
}
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At this point you shoud initialize ary otherparanetersfrom the RCPfile.
ThetagEvent methodis theplacewhichis calledfor eachevent andwhereyou
shoulddecideto tagit or not:

/I fwk:Tag interfa ce
fwk::Res ult MyTag:: tagEvent(co nst edm:Ev ent& event)
{
if(some_co ndition_is_ true) {
eventtag(e dm:Tag( ta @));
_tagged_eve nts++;
return  fwk::Resul t:success ; /I no need to continue
}

return  fwk::Res ult::succes S;

}

/I fwk::JobSum mary interface
fwk::Res ult MyTag:: jobSummary( )

{
std::cout << "MyTag/" << _tag << " tagged events:
<< _tagged events << std::endl;
return  fwk::Res ult::succes S;
}

In additionyouneeda RegMyTag.cp p file:

#includ e "framewor k/Registry. hpp"
using namespace fwk;
namespace TMBStrea m {

FWK_REBTRY_DECL(MyTag)

}

And finally you shouldaddRegMyTag to the src/OBJE CT.COMPONH and
thebin/OBJE CTSfile.
All theexampes of how to accesphysicsobjectsfrom
http://mww  -dO.fnal.go v/dOdist/d  ist/package s/analysis  example/dev el/doc/
applyto theseexampes, too.
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11 Other Issues
11.1 Chunks

At the moment the exampe RCPfiles providedin np tmb _stream write outonly a
selectedsetof churks (givenby theWriteChunk List parameter Theseare:

string  WriteChunkL ist = "MCKineChunk TMBTrigg erChunk
thumbnail ::ThumbNail Chunk fwk::Histo

Thiswill leave outary additioral churks whichwerein the original inputfile, like
theCalDataC hunk .

11.2 Other Input Formats

Theprogamasdescribe is actuallycompetely indegenden from theinput format. It
canbeusede.g.for streamind®STsaswell, by simply charging theunptmb entryin
the packa@slist andmodifying thelist of churksto write.

11.3 Other Output Formats

Theprogamcouldproducethe ROOT treefiles atthesametime asit doesthestream-
ing onthethuminail files. However, the currert implemenationof theroat treegene-
ationdoes notyet allow multiple outptt files or selectiorbasecntags.
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